We have studied the effect of adding ketamine to i.v. morphine patient-controlled analgesia (PCA) for the treatment of pain after laparotomy. Thirty patients were allocated randomly to receive PCA with saline or ketamine in a double-blind, randomized study. Analgesia was started in the recovery room when visual analogue scale (VAS) scores were Ͼ4. A bolus dose of morphine 3 mg was given to all the patients followed by i.v. PCA. Simultaneously, an infusion of ketamine 2.5 µg kg -1 min -1 or saline was started. Pain scores, morphine consumption and side effects were noted for up to 48 h after the start of PCA. VAS scores decreased significantly with time (Pϭ 0.0001) and were similar (Pϭ 0.3083) in both groups. Cumulative morphine consumption at 48 h was significantly lower in the ketamine group (28 mg) than in the control group (54 mg) (Pϭ 0.0003). Nausea was less frequent in the ketamine group (Pϭ0.03). 1999; 83: 393-6 
Morphine is used widely in the treatment of pain but it may be associated with significant side effects such as respiratory depression, urinary retention, nausea and vomiting, sedation and prolonged postoperative ileus. 1 Good control of postoperative pain with a reduced incidence of side effects has been reported with patient-controlled analgesia (PCA). 2 Ketamine, an N-methyl-D-aspartate (NMDA) receptor antagonist, has analgesic properties in subanaesthetic doses. 3 Psychomimetic side effects, however, have been a major problem when used for postoperative analgesia. 3 4 The combination of morphine with ketamine has been shown to result in increased analgesic effect, which may be synergistic or additive. 5 The analgesic effect of ketamine given as a continuous infusion has been observed at plasma concentrations of 100-150 ng ml -1 . [5] [6] [7] In this double-blind, randomized study, we have investigated the quality of postoperative analgesia after laparotomy with a combination of morphine (i.v. PCA) and ketamine at doses likely to produce plasma concentrations of 100 mg ml -1 , compared with morphine (i.v. PCA) alone.
Patients and methods
After obtaining approval from the Local Ethics Committee and informed consent, we studied 30 patients (ASA I-III) undergoing abdominal surgery, allocated randomly to receive i.v. PCA morphine with saline (control group) or © British Journal of Anaesthesia ketamine (ketamine group). Before operation, patients were instructed on the use of a PCA and the visual analogue scale (VAS: 0ϭno pain, 10ϭworst pain imaginable).
All patients were premedicated with sublingual lorazepam 2.5 mg, 90 min before operation. A central venous catheter (internal jugular vein), two peripheral i.v. catheters and an arterial catheter (radial artery) were inserted. Monitoring consisted of ECG, pulse oximetry, invasive arterial pressure, central venous pressure, capnography and body temperature. General anaesthesia was induced with fentanyl 2 µg kg -1 , propofol 1.5-2 mg kg -1 and vecuronium 0.1 mg kg -1 . Anaesthesia was maintained with nitrous oxide, isoflurane and vecuronium. Increments of fentanyl were administered if considered necessary by the attending anaesthetist. After operation, patients stayed in the post-anaesthesia care unit for 24 h.
When a VAS score of 4 was reached, a loading dose of morphine 3 mg followed by another dose of 3 mg, 45 min later, were given. The PCA device, containing morphine 1 mg ml -1 , was started in both groups. Patients were allowed to ask for a bolus dose of morphine 1 mg every 8 min, but with a 1-h limit of 5 mg.
Patients were allocated randomly to receive a continuous infusion of saline (control group) or ketamine (ketamine group), which was started together with a loading dose of morphine. The infusion rate of ketamine was calculated using a pharmacokinetic computer simulation (Stanpump; Stanpump is freely available from Steven L. Shafer, MD, Anesthesiology Service (112A) PAVAMC, 3801 Miranda Ave, Palo Alto, CA 94304, USA) 8 9 and was set to produce a theoretical plasma concentration of 100 ng ml -1 . This concentration has been shown to provide analgesia without important side effects. 7 The initial rate was 10 µg kg -1 min -1 , decreasing to 7.5 µg kg -1 min -1 after 5 min. After 30 and 45 min, the infusion rate was decreased further to 5 and 2.5 µg kg -1 min -1 , respectively, and was then maintained at 2.5 µg kg -1 min -1 for 48 h. Arterial pressure, heart rate, ventilatory frequency, pain score, morphine consumption and side effects were evaluated at 0, 1, 2, 4, 6, 12, 24, 36 and 48 h after the PCA device had been started. On day 3 after operation, patients were asked if they had experienced any of the following: nausea, dreams, hallucinations, blurred vision, dizziness, agitation, co-ordination disturbances, sedation or oral secretions.
To detect a difference of 25% in morphine consumption at the 0.05 level of significance (α) with a power of 0.90, a minimum of 15 patients were required in each group. A sample of this size had a power of 0.85 (αϭ0.05) to detect a difference in the incidence of side effects. Analysis of variance (ANOVA) followed by post hoc testing using the Sheffé F test, paired Student's t test and Mann-Whitney U test were used for statistical analysis where appropriate. PϽ0.05 was considered statistically significant.
Results
The groups were similar in sex, age, weight, type of surgery and duration of surgery (Table 1) . Heart rate, systolic arterial pressure and ventilatory frequency were comparable in both groups (Table 2) .
VAS scores decreased significantly with time in both groups (Pϭ 0.0001). Mean pain score at rest after 1 h was significantly lower in the ketamine group (Pϭ 0.0101) compared with the control group (Table 3) . At all other times, pain scores were similar.
Morphine consumption differed significantly between the control and ketamine groups (Table 3) . During the first 12 h, cumulative and incremental postoperative morphine consumption were similar in both groups. At 24, 36 and 48 h, cumulative and incremental morphine consumption were significantly less in the ketamine group.
Mean cumulative consumption of morphine differed 394 significantly between groups after 24 h and the difference increased with time. After 48 h, morphine requirements in the control group were almost twice those of the ketamine group. This difference was highly significant (Pϭ0.0003) ( Table 3 , Fig. 1 ). Mean incremental morphine consumption in the control group remained approximately 1.0 mg h -1 while it decreased to 0.2 mg h -1 in the ketamine group (Pϭ0.0002 at 48 h) ( Table 3 ).
There was a trend to less side effects in the ketamine group (Pϭ0.09) (Table 4 ) and the number of patients reporting side effects also tended to be lower in the ketamine group (Pϭ0.07). The incidence of nausea in the ketamine group differed significantly from the control group (Pϭ0.03). Diplopia, a typical ketamine-related side effect, was reported by two patients. No hallucinations were reported.
Discussion
We have demonstrated that postoperative pain after laparotomy can be treated successfully with a low-dose continuous infusion of ketamine supplemented with i.v. morphine PCA. The combination of ketamine and morphine allowed a significant reduction in morphine consumption and decreased incidence of nausea. The dose of ketamine was low enough to avoid its psychomimetic effects.
Our data are similar to those of Javery and colleagues. 5 However, we investigated the time course of VAS pain scores and morphine consumption, both cumulative and incremental. Edwards and colleagues 10 used a dose-finding approach to study the combination of morphine and ketamine for postoperative pain in elderly patients and found dreams to be a problem at higher ketamine doses. The maximum dose was 7.8 µg kg -1 min -1 , substantially higher than that in our study (2.5 µg kg -1 min -1 ). Morphine consumption was the same with or without ketamine. This finding may be explained by the fact that PCA was started immediately after surgery, while in our study it was started after a VAS score of 4 was reported by the patient. This may be important as the effect of NMDA block may only be apparent after the receptor-operated ion channel has been opened by nociceptive stimulation. 11 12 The importance of the level of initial nociception to distinguish between treatments has been emphasized recently by Kalso. 13 Prolonged sensory afferent activation (C-fibres) is associated with spinally released peptides in association with glutamate to activate NMDA receptors. This activation leads to neuronal excitation (hyperalgesia, 'wind-up'). NMDA receptor antagonists abolish this 'wind-up' while opioids only delay the onset of NMDA receptor activation without inhibiting the process itself. 12 Therefore, it seems logical to combine morphine with ketamine for acute pain treatment and to use ketamine pre-emptively. However, studies on the pre-emptive use of ketamine, administered both i.v. or epidurally, are not conclusive, [14] [15] [16] [17] perhaps because of the difference in pain intensity experienced by patients before operation. Ketamine, in combination with opioids, has been used epidurally with similar results. 16 18 19 Human experience with intrathecal use of ketamine or other NMDA receptor antagonists is limited to a few case reports relating to chronic pain treatment. 20 21 Possible mechanisms explaining our results include summation of analgesia, synergy and prevention of acute tolerance to morphine. Summation is supported by the consistently smaller morphine consumption in the presence of ketamine with similar VAS ratings. Furthermore, a synergistic effect of morphine and ketamine is possible. The temporal change of incremental morphine consumption in the ketamine group differed from that in the control group. This may indicate a different underlying mechanism. However, our method did not allow for any conclusion in this regard as we did not use different doses of morphine and ketamine in a crossover study. A third mechanism relates to the development of acute tolerance to morphine and its prevention by ketamine. In rats, acute tolerance to i.v. administered opioids develops within hours. 22 Acute tolerance after 24 h of morphine infusion for postoperative pain treatment in humans has been reported. 23 In a study comparing continuous infusion of morphine with bolus injections, Marshall and colleagues 24 proposed the development of tolerance to explain his results. The ability of NMDA receptor blocking agents to prevent development of acute tolerance has been demonstrated in mice. 25 The consistently increasing difference in morphine consumption between the ketamine and control groups in our study may be the result of this phenomenon.
Further research is necessary to explain the underlying mechanisms of our results. A study of the impact of the combination of morphine and ketamine on outcome and hospital stay would reveal the clinical importance of this technique.
